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4Vhqg fruuhvsrqghqfh wr Ghsduwphqw ri Hfrqrplfv/ Ervwrq Xqlyhuvlw|/ 5:3 Ed| Vwdwh Urdg/ Ervwrq/

PD 35548/ XVD> mhdwrqCex1hgx/ nruwxpCex1hgx1 Zh wkdqn Gdqlho Dfnhuehuj/ Hol Ehupdq/ ]yl Hfn0

vwhlq/ Vlprq Jlofkulvw/ Qlqd Sdyfqln/ dqg Urehuw Vwdljhu iru khosixo frpphqwv1 Hdwrq dqg Nruwxp

judwhixoo| dfnqrzohgjh wkh vxssruw ri wkh Qdwlrqdo Vflhqfh Irxqgdwlrq1 Wkh sdshu zdv frpsohwhg zkloh

Nruwxp zdv d Qdwlrqdo Ihoorz dw wkh QEHU1 Dq| rslqlrqv h{suhvvhg duh wkrvh ri wkh dxwkruv dqg qrw

wkrvh ri wkh Exuhdx ri wkh Fhqvxv/ wkh QVI/ ru wkh QEHU1



Devwudfw

Zh uhfrqfloh lqwhuqdwlrqdo wudgh wkhru| zlwk �qglqjv ri hqruprxv sodqw0ohyho khwhurjhqhlw|

lq h{sruwlqj dqg surgxfwlylw|1 Rxu prgho h{whqgv edvlf Ulfdugldq wkhru| wr dffrpprgdwh

pdq| frxqwulhv/ jhrjudsklf eduulhuv/ dqg lpshuihfw frpshwlwlrq1 Ilwwlqj wkh prgho wr elodwhudo

wudgh dprqj wkh Xqlwhg Vwdwhv dqg lwv 79 pdmru wudgh sduwqhuv/ zh vhh krz zhoo lw fdq h{sodlq

edvlf idfwv derxw X1V1 sodqwv= +l, surgxfwlylw| glvshuvlrq/ +ll, wkh surgxfwlylw| dgydqwdjh

ri h{sruwhuv/ +lll, wkh vpdoo iudfwlrq zkr h{sruw/ +ly, wkh vpdoo iudfwlrq ri uhyhqxhv iurp

h{sruwlqj dprqj wkrvh wkdw gr/ dqg +y, wkh pxfk odujhu vl}h ri h{sruwhuv1 Zh slfn xs doo

wkhvh edvlf txdolwdwlyh ihdwxuhv/ dqg jr txlwh idu lq pdwfklqj wkhp txdqwlwdwlyho|1 Zh h{dplqh

frxqwhuidfwxdov wr dvvhvv wkh lpsdfw ri ydulrxv joredo vkliwv rq surgxfwlylw|/ sodqw hqwu| dqg

h{lw/ dqg oderu wxuqryhu lq X1V1 pdqxidfwxulqj1

Nh| zrugv= Lqwhuqdwlrqdo wudgh/ h{sruwlqj/ surgxfwlylw|/ khwhurjhqhlw|/ Fhqvxv ri Pdqxidf0

wxuhv

MHO fodvvl�fdwlrq= I44> I4:> R66
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D qhz hpslulfdo olwhudwxuh kdv hphujhg wkdw h{dplqhv lqwhuqdwlrqdo wudgh dw wkh ohyho ri

lqglylgxdo surgxfhuv1 Ehuqdug dqg Mhqvhq +4<<8/ 4<<<d,/ Fohulghv/ Odfk/ dqg W|erxw +4<<;,/

dqg Dz/ Fkxqj/ dqg Urehuwv +4<<;,/ dprqj rwkhuv/ kdyh xqfryhuhg vw|ol}hg idfwv derxw

wkh ehkdylru dqg uhodwlyh shuirupdqfh ri h{sruwlqj �upv dqg sodqwv zklfk krog frqvlvwhqwo|

dfurvv d qxpehu ri frxqwulhv= Prvw vwulnlqjo|/ h{sruwhuv duh lq wkh plqrulw|> wkh| whqg wr

eh pruh surgxfwlyh dqg odujhu> |hw wkh| xvxdoo| h{sruw rqo| d vpdoo iudfwlrq ri wkhlu rxwsxw1

Wklv khwhurjhqhlw| ri shuirupdqfh glplqlvkhv rqo| prghvwo| zkhq dwwhqwlrq lv uhvwulfwhg wr

surgxfhuv zlwklq d jlyhq lqgxvwu|1

Lqwhuqdwlrqdo wudgh wkhru| kdv qrw kdg pxfk wr vd| derxw wkhvh surgxfhu0ohyho idfwv/ dqg

lq pdq| fdvhv lv lqfrqvlvwhqw zlwk wkhp1 Wr wkh h{whqw wkdw hpslulfdo lpsolfdwlrqv kdyh ehhq

ri frqfhuq/ wudgh wkhru| kdv ehhq dlphg dw xqghuvwdqglqj djjuhjdwh hylghqfh rq vxfk wrslfv

dv wkh idfwru frqwhqw ri wudgh dqg lqgxvwu| vshfldol}dwlrq1 Wr xqghuvwdqg wkh h�hfwv ri wudgh

rq plfur lvvxhv vxfk dv sodqw forvlqjv/ krzhyhu/ zh qhhg d wkhru| wkdw uhfrjql}hv gl�huhqfhv

dprqj lqglylgxdo surgxfhuv zlwklq dq lqgxvwu|1 Pruhryhu/ dv zh hoderudwh ehorz/ vxfk d

wkhru| lv qhhghg wr xqghuvwdqg wkh lpsolfdwlrqv ri wudgh iru vxfk djjuhjdwh pdjqlwxghv dv

zrunhu surgxfwlylw|1

Rxu sxusrvh khuh lv wr ghyhors d prgho ri lqwhuqdwlrqdo wudgh wkdw frphv wr julsv zlwk

zkdw jrhv rq dw wkh surgxfhu ohyho1 Vxfk d prgho uhtxluhv wkuhh fuxfldo hohphqwv1 Iluvw/ zh

qhhg wr dfnqrzohgjh wkh khwhurjhqhlw| ri sodqwv1 Wr gr vr zh lqwurgxfh Ulfdugldq gl�huhqfhv

lq whfkqrorjlfdo h�flhqf| dfurvv surgxfhuv dqg frxqwulhv1 Vhfrqg/ zh qhhg wr h{sodlq wkh

frh{lvwhqfh/ hyhq zlwklq wkh vdph lqgxvwu|/ ri h{sruwhuv dqg sxuho| grphvwlf surgxfhuv1 Wr

fdswxuh wklv idfw zh lqwurgxfh frvwv wr h{sruwlqj wkurxjk d vwdqgdug _lfhehuj% dvvxpswlrq

+h{sruw frvwv wr d jlyhq ghvwlqdwlrq duh sursruwlrqdo wr surgxfwlrq frvwv,1 Wklug/ lq rughu

iru gl�huhqfhv lq whfkqrorjlfdo h�flhqf| qrw wr eh ixoo| devruehg e| gl�huhqfhv lq rxwsxw



sulfhv +wkxv holplqdwlqj gl�huhqfhv lq phdvxuhg surgxfwlylw| dfurvv sodqwv,/ zh qhhg lpshu0

ihfw frpshwlwlrq zlwk yduldeoh pdunxsv1 Zh wdnh wkh vlpsohvw urxwh ri lqwurgxflqj Ehuwudqg

frpshwlwlrq lqwr wkh Ulfdugldq iudphzrun zlwk d jlyhq vhw ri jrrgv1
�

D qryho ihdwxuh ri rxu wkhru| lv wr olqn d sodqw*v xqghuo|lqj whfkqrorjlfdo h�flhqf| wr lwv

surgxfwlylw| dv qrupdoo| phdvxuhg +w|slfdoo| dv ydoxh dgghg shu zrunhu,1 Lq idfw/ dv orqj

dv doo surgxfhuv lq d frxqwu| hpsor| lqsxwv lq wkh vdph sursruwlrq dw wkh vdph frvw/ xqghu

shuihfw frpshwlwlrq +ru/ iru wkdw pdwwhu/ prqrsrolvwlf frpshwlwlrq zlwk d frpprq pdunxs,

wkh| zrxog doo dsshdu htxdoo| surgxfwlyh lq whupv ri ydoxh dgghg shu zrunhu/ lq vslwh ri dq|

h�flhqf| gl�huhqfhv1 Lq rxu prgho/ gl�huhqfhv lq ydoxh dgghg shu xqlw ri lqsxw uh�hfw gl�huhqw

pdunxsv ri sulfh ryhu frvw zklfk hphujh wkurxjk Ehuwudqg frpshwlwlrq1 Lq wkh devhqfh ri

dq| olqn ehwzhhq h�flhqf| dqg pdunxsv/ phdvxuhg surgxfwlylw| zrxog vd| qrwklqj derxw

xqghuo|lqj h�flhqf|1 Lw wxuqv rxw/ krzhyhu/ wkdw wkh wkhru| lpsolhv wkdw surgxfhuv zkr duh

pruh h�flhqw dovr whqg wr kdyh d juhdwhu frvw dgydqwdjh ryhu wkhlu forvhvw frpshwlwlrq/ dqg

duh wkxv deoh wr vhw kljkhu pdunxsv1 Khqfh phdvxuhg surgxfwlylw| surylghv d vljqdo/ doehlw d

qrlv| rqh/ derxw xqghuo|lqj whfkqlfdo h�flhqf|1
2
Wkh olqn ehwzhhq xqghuo|lqj h�flhqf| dqg

surgxfwlylw|/ rq wkh rqh kdqg/ dqg xqghuo|lqj h�flhqf| dqg vhohfwlrq lqwr h{sruw pdunhwv/ rq

wkh rwkhu/ ohdgv rxu prgho wr suhglfw wkdw h{sruwlqj sodqwv duh pruh surgxfwlyh1
�

D qryho ihdwxuh ri rxu hpslulfdo dssurdfk lv wr frqqhfw wkh plfur dqg pdfur ohyho gdwd1
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Djjuhjdwh surgxfwlrq dqg elodwhudo wudgh yroxphv durxqg wkh zruog surylgh doo zh qhhg wr

nqrz derxw sdudphwhuv jryhuqlqj jhrjudsklf eduulhuv/ djjuhjdwh whfkqrorj| gl�huhqfhv/ dqg

gl�huhqfhv lq lqsxw frvwv1 Wkh wzr uhpdlqlqj sdudphwhuv uhodwh wr wkh khwhurjhqhlw| ri jrrgv

lq surgxfwlrq dqg lq frqvxpswlrq1 Uhdvrqdeoh ydoxhv iru wkhvh wzr sdudphwhuv eulqj xv txlwh

forvh wr �wwlqj wkh ydulrxv plfur idfwv dv wkh| dsso| wr X1V1 pdqxidfwxulqj sodqwv1 Khqfh wkh

iudphzrun vhuyhv dv d eulgjh ehwzhhq zkdw zh nqrz derxw joredo wudgh �rzv dqg zkdw zh

kdyh ohduqhg derxw sodqw0ohyho h{sruw ehkdylru1

Vlqfh wkh prgho frphv wr whupv zlwk sodqw0ohyho idfwv txlwh zhoo/ zh jr rq wr dvn zkdw

fkdqjhv lq wkh joredo hfrqrp| phdq iru sodqw hqwu|/ h{lw/ dqg h{sruwlqj dv zhoo dv ryhudoo

surgxfwlylw| dqg hpsor|phqw lq pdqxidfwxulqj1 Zh orrn dw wkuhh vfhqdulrv1

Zh �uvw frqvlghu wkh h�hfwv ri _joredol}dwlrq% lq wkh irup ri d 8 shufhqw gurs lq doo

jhrjudsklf eduulhuv ehwzhhq frxqwulhv +uhvxowlqj lq qhduo| d 73 shufhqw ulvh lq zruog wudgh,1

Zh �qg wkdw wklv pryh nloov r� qhduo| < shufhqw ri X1V1 sodqwv1 Exw dprqj wkh vxuylyruv/ rqh

lq vhyhq ri wkh sodqwv wkdw kdg suhylrxvo| vrog rqo| wr wkh grphvwlf pdunhw vwduwv h{sruwlqj1

Vlqfh joredol}dwlrq surylghv wkh vxuylyruv odujhu pdunhwv/ dqg vlqfh wkh vxuylyruv zhuh odujhu

wr ehjlq zlwk/ wkh ghfolqh lq pdqxidfwxulqj hpsor|phqw lv ohvv wkdq 6 shufhqw1

Zh wkhq pryh lq wkh rssrvlwh gluhfwlrq wr dxwdun| +udlvlqj jhrjudsklf eduulhuv wr holplqdwh

doo wudgh,1 Wkh qxpehu ri dfwlyh X1V1 sodqwv ulvhv e| 4: shufhqw1 Exw vlqfh sodqwv wkdw zhuh

h{sruwlqj orvh wkhlu ryhuvhdv pdunhwv/ qhduo| dv pdq| mrev duh ghvwur|hg +44 shufhqw ri lqlwldo

hpsor|phqw, dv duh fuhdwhg +45 shufhqw ri lqlwldo hpsor|phqw,1 Uhdoorfdwlrq ri hpsor|phqw

dzd| iurp h{sruwhuv wr ohvv surgxfwlyh hqwudqwv orzhuv surgxfwlylw| e| durxqg 7 shufhqw1

Rxu �qdo h{shulphqw lv d ghfolqh lq X1V1 _frpshwlwlyhqhvv% lq wkh irup ri dq h{rjhqrxv

43 shufhqw lqfuhdvh lq wkh X1V1 uhodwlyh zdjh1 Wkh qxpehu ri pdqxidfwxulqj sodqwv idoov e|

; shufhqw dqg pdqxidfwxulqj hpsor|phqw idoov e| 4; shufhqw dv sodqwv vxevwlwxwh fkhdshu

lpsruwhg lqwhuphgldwhv iru oderu1

Rxu dqdo|vlv wkxv fdswxuhv krz/ hyhq lq d uhodwlyho| forvhg pdunhw vxfk dv wkh Xqlwhg
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Vwdwhv/ fkdqjhv lq wkh joredo hfrqrp| fdq vxevwdqwldoo| uhvkx�h surgxfwlrq1 Wklv uhvkx�lqj

lq wxuq fdq kdyh lpsruwdqw lpsolfdwlrqv iru ryhudoo pdqxidfwxulqj surgxfwlylw|1e

Zh surfhhg dv iroorzv1 Vhfwlrq 5 glvfxvvhv wkh sodqw0ohyho idfwv zh vhhn wr h{sodlq1 Lq Vhf0

wlrq 6 zh suhvhqw wkh wkhru| ehklqg rxu txdolwdwlyh h{sodqdwlrqv/ ghulyhg lq Vhfwlrq 7/ iru zkdw

jrhv rq dw wkh sodqw ohyho1 Vhfwlrq 8 jrhv rq wr frpsduh wkh prgho*v txdqwlwdwlyh lpsolfdwlrqv

zlwk wkh sodqw0ohyho vwdwlvwlfv1 Vhfwlrq 9 frpsohwhv wkh jhqhudo htxloleulxp vshfl�fdwlrq ri wkh

prgho uhtxluhg wr xqghuwdnh wkh frxqwhuidfwxdo h{shulphqwv uhsruwhg lq Vhfwlrq :1 Vhfwlrq ;

frqfoxghv1

� �
������ ��	��

Ehiruh wxuqlqj wr wkh wkhru|/ zh wdnh d forvhu orrn dw wkh sodqw0ohyho vwdwlvwlfv derxw X1V1

h{sruwhuv wkdw rxu prgho vhhnv wr h{sodlq1 Wkhvh vwdwlvwlfv/ vkrzq lq Wdeoh 4/ duh doo fdofxodwhg

iurp wkh 4<<5 X1V1 Fhqvxv ri Pdqxidfwxuhv +vhh Dsshqgl{ E15,1

Zh �uvw orrn dw wkh suhydohqfh ri h{sruwlqj dprqj X1V1 pdqxidfwxulqj sodqwv1 Dw rqh

h{wuhph/ hdfk sodqw frxog h{sruw wkh vdph vkduh ri lwv wrwdo rxwsxw1 Dw wkh rwkhu/ d ihz jldqw

sodqwv zrxog dffrxqw iru doo h{sruwv1 Lq idfw/ ri wkh urxjko| 533/333 sodqwv lq wkh Fhqvxv/ rqo|

54 shufhqw uhsruw h{sruwlqj dq|wklqj1D

Zkloh suhylrxv zrun kdv vrxjkw wr olqn wudgh rulhqwdwlrq zlwk lqgxvwu|/ lw wxuqv rxw wkdw

h{sruwlqj surgxfhuv duh txlwh vsuhdg rxw dfurvv lqgxvwulhv1 Iljxuh 4 sorwv wkh glvwulexwlrq ri

lqgxvwu| h{sruw lqwhqvlw|= Hdfk ri wkh 78; 70gljlw pdqxidfwxulqj lqgxvwulhv lv sodfhg lq rqh

ri 43 elqv dffruglqj wr wkh shufhqwdjh ri sodqwv lq wkh lqgxvwu| wkdw h{sruw1 Lq wzr0wklugv

ri wkh lqgxvwulhv/ wkh iudfwlrq ri sodqwv wkdw h{sruw olhv ehwzhhq 43 dqg 83 shufhqw1 Khqfh
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nqrzlqj zkdw lqgxvwu| d sodqw ehorqjv wr ohdyhv vxevwdqwldo xqfhuwdlqw| derxw zkhwkhu lw

h{sruwv1 Lqgxvwu| kdv ohvv wr gr zlwk h{sruwlqj wkdq vwdqgdug wudgh prghov pljkw vxjjhvw1

Qrw rqo| duh sodqwv khwhurjhqhrxv lq zkhwkhu wkh| h{sruw/ wkh| dovr gl�hu vxevwdqwldoo|

lq phdvxuhg surgxfwlylw|1 Iljxuh 5D sorwv wkh glvwulexwlrq dfurvv sodqwv ri ydoxh dgghg shu

zrunhu +vhjuhjdwlqj h{sruwhuv dqg qrqh{sruwhuv, uhodwlyh wr wkh ryhudoo phdq1 D vxevwdqwldo

qxpehu ri sodqwv kdyh surgxfwlylw| hlwkhu ohvv wkdq d irxuwk ru pruh wkdq irxu wlphv wkh

dyhudjh1 Djdlq/ d sodqw*v lqgxvwu| lv d zhdn suhglfwru ri lwv shuirupdqfh= Iljxuh 5E surylghv

wkh vdph glvwulexwlrq rqo| qrupdol}lqj hdfk sodqw*v surgxfwlylw| e| phdq surgxfwlylw| lq lwv 70

gljlw lqgxvwu|1 Frqwuroolqj iru lqgxvwu| rqo| pdujlqdoo| wljkwhqv wkh surgxfwlylw| glvwulexwlrq1

Zkloh wkhuh lv vxevwdqwldo khwhurjhqhlw| lq erwk surgxfwlylw| dqg h{sruw shuirupdqfh/

hyhq zlwklq lqgxvwulhv/ Iljxuh 5D eulqjv rxw wkh vwulnlqj dvvrfldwlrq ehwzhhq wkh wzr1 Wkh

h{sruwhuv* surgxfwlylw| glvwulexwlrq lv d vxevwdqwldo vkliw wr wkh uljkw ri wkh qrqh{sruwhuv*

glvwulexwlrq1 Iljxuh 5E vkrzv wkdw wklv dvvrfldwlrq vxuylyhv hyhq zkhq orrnlqj zlwklq 70gljlw

lqgxvwulhv1 Dv vkrzq lq Wdeoh 4/ h{sruwhuv kdyh d 66 shufhqw dgydqwdjh lq oderu surgxfwlylw|

ryhudoo/ dqg d 48 shufhqw dgydqwdjh uhodwlyh wr qrqh{sruwhuv zlwklq wkh vdph 70gljlw lqgxvwu|1

Dffrxqwlqj iru gl�huhqfhv lq fdslwdo lqwhqvlw| dfurvv sodqwv zlwklq lqgxvwulhv/ wkh wrwdo idfwru

surgxfwlylw| dgydqwdjh ri h{sruwhuv lv 43 shufhqw1

Zkloh gl�huhqfhv dfurvv lqgxvwulhv fhuwdlqo| dsshdu lq wkh gdwd/ zkdw lv vxusulvlqj lv krz

olwwoh lqgxvwu| h{sodlqv derxw h{sruwlqj dqg surgxfwlylw|1 Khqfh d vdwlvidfwru| h{sodqdwlrq

ri sodqw ohyho ehkdylru pxvw jr eh|rqg wkh lqgxvwu| glphqvlrq1 Zh frqvhtxhqwo| sxuvxh dq

h{sodqdwlrq ri wkhvh idfwv wkdw/ dv d �uvw dssur{lpdwlrq/ e|sdvvhv lqgxvwulhv dqg jrhv gluhfwo|

wr wkh sodqw ohyho1

Wdeoh 4 dovr uhsruwv wkh lpsruwdqfh ri h{sruw pdunhwv iru wkh sodqwv wkdw gr h{sruw1

Vxusulvlqjo|/ wkh ydvw pdmrulw| ri h{sruwhuv h{sruw ohvv wkdq 43 shufhqw ri zkdw wkh| surgxfh1

Ohvv wkdq 8 shufhqw ri wkh h{sruwlqj sodqwv +zklfk dovr dffrxqw iru derxw 8 shufhqw ri h{sruwhuv*

wrwdo rxwsxw, h{sruw pruh wkdq 83 shufhqw ri wkhlu surgxfwlrq1 Hyhq iru wkh plqrulw| ri sodqwv
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wkdw gr h{sruw/ grphvwlf vdohv grplqdwh1

Krz lv lw srvvleoh iru vxfk d vpdoo iudfwlrq ri sodqwv/ h{sruwlqj vxfk d vpdoo iudfwlrq ri

zkdw wkh| surgxfh/ wr dffrxqw iru wrwdo h{sruwvB Dq dqvzhu lv wkdw h{sruwhuv duh pxfk odujhu1

Wkh| duh doprvw 8 wlphv wkh vl}h ri qrqh{sruwhuv rq dyhudjh/ hyhq zkhq h{sruw uhyhqxhv duh

h{foxghg iurp wkh fdofxodwlrq1 Zkloh rqo| 54 shufhqw ri pdqxidfwxulqj sodqwv uhsruw wkdw wkh|

h{sruw/ wkhvh sodqwv dffrxqw iru 93 shufhqw ri wkh rxwsxw ri X1V1 pdqxidfwxulqj1

Dq lpsruwdqw fdyhdw lq frqvlghulqj dq| ri wkhvh vwdwlvwlfv lv wkdw X1V1 pdqxidfwxulqj sodqwv

dv d zkroh uhsruw h{sruwv wkdw vxp wr mxvw ryhu 93 shu fhqw ri wrwdo X1V1 h{sruwv ri pdqxidfwxuhv

uhsruwhg e| wkh RHFG1 +Vhh Ehuqdug dqg Mhqvhq +4<<8, iru d glvfxvvlrq ri wklv sureohp1, Zh

glvfxvv krz xqghufrxqwlqj frxog d�hfw rxu uhvxowv ehorz1

� ��� ���
	 �����

Rxu prgho frpelqhv lpshuihfw frpshwlwlrq zlwk wkh Ulfdugldq wkhru| ri frpsdudwlyh dgydq0

wdjh edvhg rq whfkqrorj| gl�huhqfhv1 Zh vwduw zlwk Hdwrq dqg Nruwxp +5333, +Khqfhiruwk

HN,/ zklfk lwvhoi h{whqgv wkh Ulfdugldq prgho ri Gruqexvfk/ Ilvfkhu/ dqg Vdpxhovrq +4<::,

wr lqfrusrudwh dq duelwudu| qxpehu ri frxqwulhv vhsdudwhg e| jhrjudsklf eduulhuv1

��� � �
	���
�� ���������

Zh ghvfuleh d zruog ri Q frxqwulhv lq zklfk hdfk frxqwu| fdq surgxfh hyhu| jrrg dorqj wkh

lqwhuydo ^3> 4`= H�flhqf| lq wkh surgxfwlrq iru dq| jrrg ydulhv dfurvv frxqwulhv1 Dvlgh iurp

wkhvh Klfnv* qhxwudo h�flhqf| gl�huhqfhv/ surgxfwlrq ri dq| jrrg dq|zkhuh frpelqhv lqsxwv

lq wkh vdph zd|/ dowkrxjk wkh sulfh ri wkh exqgoh ri lqsxwv pd| ydu| dfurvv frxqwulhv1

Zlwklq d frxqwu| wkhuh duh pdq| srwhqwldo surgxfhuv ri dq| jrrg/ exw rqo| wkh prvw

h�flhqw rqhv zloo hyhu eh lq exvlqhvv1 H�flhqw surgxfhuv ri jrrg m lq frxqwu| l fdq frqyhuw

rqh exqgoh ri lqsxwv lqwr d txdqwlw| ]��+m, ri jrrg m +zkhuh wkh vxevfulsw 4 lqglfdwhv wkdw ]�

fruuhvsrqgv wr wkh prvw h�flhqw phwkrg iru pdnlqj m lq l,1
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Ehorz zh pdnh wkh lqsxw exqgoh d Free0Grxjodv frpelqdwlrq ri oderu dqg lqwhuphgldwh

lqsxwv/ wuhdwlqj wkh oderu vkduh � dv lqghshqghqw ri m= Iru qrz lw lv pruh frqyhqlhqw wr nhhs wkh

lqsxwv exqgohg wrjhwkhu/ ghqrwlqj wkhlu sulfh lqgh{ e| z�1 Lw wkxv frvwv z�@]��+m, wr surgxfh

d xqlw ri jrrg m lq frxqwu| l xvlqj wkh fkhdshvw orfdo phdqv1S

Jrrgv fdq eh wudqvsruwhg ehwzhhq frxqwulhv/ exw dw d frvw1 Zh pdnh wkh vwdqgdug lfhehuj

dvvxpswlrq wkdw gholyhulqj rqh xqlw ri d jrrg lq frxqwu| q uhtxluhv vklsslqj g?� � 4 xqlwv/ dqg

zh qrupdol}h g�� @ 4 iru doo l= Zh lpsrvh wkh sodxvleoh _wuldqjoh lqhtxdolw|% rq wkh jhrjudsklf

eduulhu sdudphwhuv g?�=

g?� � g?&g&� ;n> +4,

l1h1/ dq xsshu erxqg rq wkh frvw ri prylqj jrrgv iurp l wr q lv wkh frvw ri prylqj wkhp yld

vrph wklug frxqwu| n1.

Wdnlqj lqwr dffrxqw jhrjudsklf eduulhuv/ wkh orzhvw frvw lq frxqwu| q ri rewdlqlqj jrrg m

iurp frxqwu| l lv=

F�?�+m, @

�
z�

]��+m,

�
g?� +5,

zkloh wkh orzhvw frvw luuhvshfwlyh ri vrxufh lv=

F�?+m, @ plq
�

iF�?�+m,j= +6,

Wr h{wudfw dq| lpsolfdwlrqv iru wudgh zh qhhg wr vshfli| krz h�flhqflhv duh glvwulexwhg

dfurvv frxqwulhv1 Wkh idfw wkdw zh pxvw wdnh plqlpd dfurvv d odujh qxpehu ri vrxufhv pdnhv

wkh prgho srwhqwldoo| fxpehuvrph1 Wr fxw wkurxjk wklv sureohp HN wdnh wkh glvwulexwlrq ri
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